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© Process and apparatus for effecting capillary electrophoresis. 



© An apparatus is provided for concentrating a 
solute sample which can be subsequently released 
for analysis by capillary electrophoresis. T.;e appara- 
tus comprises a tube containing a short length of 
packed particles or gel (18) adapted to retain sample 
solutes whic*~ particles are retained in the tube by 
tube constrictions (14.20) or porous plugs (28.30). 
The tube includes an inlet (24) for introducing a 
sample into the tube and an outlet (16) for introduc- 
ing the retained sample into a capillary elec- 
trophoresis tube (12). 
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This invention telatos to a method ana acpara- 
'.us !or performing capillary electrophoresis. More 
particularly, this invention relates to an improved 
method and apparatus for capillary electropnoresis 
that permits concentration of solutes from a solu- 
tion prior to separating the solutes by capillary 
electrophoresis. 

Capillary electrophoresis (CE) is an efficient 
analytical ioparation technique for analysis of 
minute amounts of sample. CE separations are 
performed m a narrow diameter capillary tube, 
which is filled with an electrically conductive me- 
dium termed the "carrier electrolyte." An electric 
field is applied between the two ends ol the capil- 
lary tube, and species in the sample move from 
one electrode toward the other electrode at a rate 
which is dependent on the electrophoretic mobility 
of *ach species as well as on the rate of fluid 
movement m the tube. CE may be performed using 
gels or liquids, such as buffers, in the capillary. In 
one liquid mode, known as free zone elec- 
troonoresis. separations are based on differences 
in the free solution mobility of sample speces. In 
another liquid made, micelles are used to effect 
separations based on differences in hydrophobicily. 
This is known as Micellar Electrokinetic Capillary 
Chromatography (MECC). 

CE is advantageous for several reasons. These 
include fast separation speed, high resolution and 
smalt sample size. For example, separation speeds 
using CE can be 10 to 20 times faster than conven- 
tional gel electrophoresis, and no post-run staining 
is necessary. In part, high resolution can be ob- 
tained through the use of high voltages because of 
the rapid dissipation of heat by the capillary. Fur- 
ther, band broadening is minimized due to the 
narrow capillary inner diameter. In tree-zone elec- 
trophoresis, the phenomenon of electroosmosis. or 
electroosmotic How (EOF) occurs. This is a bulk 
flow of liquid which affects all of the sample mol- 
ecules regardless of charge. Under certain con- 
ditions EOF can contribute to improved resolution 
and separation speed in free-zone CE. 

In order to achieve the high resolution that CE 
is capable of. it is necessary that the sample be 
confined to a narrow starting zone when the elec- 
trophoretic process begins. This limits the volume 
oi sample that can be introduced into the capillary 
to a very small fraction of the total capillary vol- 
ume. Further, the lowest concentration cf material 
that can be detected in CE by ultraviolet and 
visible absorbance detection is severely limited by 
L.9 small inner diameter of the capillary, since 
absorbance detection is generally carried out with a 
beam of radiation that is transverse to the axis of 
the capillary. These facts, taken together, mean 
that CE has not been able to analyze samples at 
concentrations as low as those that can be ana- 



lyjGO" i">y other techniques such as liquid 
chromatography. One approach \j overcome this 
limitation has been described by several investiga- 
tors. This aoproach involves dissolving the sample 
s ma butler or electrolyte having an ionic strength 
substantially lower than the carrier electrolyte used 
to carry out the electrophoretic separation. The 
sample so dissolved is introduced into the capillary 
m the normal fashion although a larger sample 
to volume is now permitted. When the electric field is 
applied to begin the electrophoretic separation, the 
field strength in the sample zone will be higher 
than m the surrounding carrier electrolyte because 
the ionic strength and hence the conductivity is 
»5 lower in the sample zone. As a result of the higher 
field strength m the sample zone, thw ions in the 
sample will migrate at a higher speed than ions m 
the carrier electrolyte. Thus the sample ions will 
tend to pile up at the interface of the low conductiv- 
:o ity sample zone and tho earner electrolyte because 
they will slow down once they enter the carrier 
electrolyte. This process effectively produces a 
narrow sample zone and has al'owed an improve- 
ment ol perhaps a factor of five in the lowest 
?s concentration of sample that can be analyzed. 

A technique lor preconcentrating a sample pri- 
or to electrophoretic separation was reoorted by 
Aebersold and Morrison at tne High Performance 
Capillary Electrophoresis Symposium in January 
jo 1990. The inner surface of a short piece of a 
capillary tubing was coated with an adsorptive 
coating. This tube was then butted up against the 
end of an uncoated capillary tube. This arrange- 
ment permitted a large volume of sample (which 
35 would normally have caused severely broadened 
peaks) to be injected into the coated length of tube 
and then into the uncoated tube. The sample mol- 
ecules adsorbed on the coating while the solvent 
. passed through the tube and was washed out of 
jo the capillary tube with electrolyte. A small volum 
of organic solvent was then introduced into the 
tutted capillary tubes. This solvent caused the 
sample molecules to desorb from the coating so 
that they entered the uncoated tube in concen- 
4S trated form. Because the organic solvent had lower 
conductivity than the carrier electrolyte, the pre- 
viously mentioned zone narrowing then occured. 
With both ends of the capillary tube in electrolyte, 
capillary electrophoretic separation was then per- 
so formed in normal fashion. It was reported that this 
preconcentration step allows the use of CE with 
samples 5 to 10 times lower in concentration than 
was previously possible with CE. 

Packed capillary columns have been used in 
55 liquid chromatography to effect sample separa- 
tions. Such columns havg been constructed in var- 
ious ways. One way of making such a column :** 
disclosed by Jorgenson et al in Journal of 
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Chromatograony. Vol. 218 ( 1 98 1 ) pgs. 209-216 
The column is formed by filling one ena of a 
capillary tube with a paniculate packing. The filled 
end then is heated m a flame to sinter the packing 
to form a porous frit. A slurry of chromatographic 
separation particles is introduced into the end of 
the caoillary opposite to the fritted end until the 
capillary is filled with these particles. A second frit 
then is formed in the open end of the caoillary in 
the same manner as was the first frit. 

As disclosed in U.S. Patent 4,793.920 to Cortes 
et al. a packed silica capillary chromatography col- 
umn is produced by casting a plug of ceramic 
material in one end of the capillary to form a 
porous plug which is fused such as with heat. The 
chromatographic packing then is introduced into 
the remainder of the tube. U.S. Patent 4,483.773 to 
Yang also discloses a means for forming a plug 
and chromatographic packing within a capillary 
chromatographic column. 

It would be desirable to provide a means 
whereby dilute sample solution can be analyzed by 
CE at concentrations far lower than can be ana- 
lyzed by presently available CE processes. 

SUMMARY OF THE INVENTION 

The present invention provides a CE pretreat- 
ment process and apparatus which permits the use 
of CE to analyze samples having a concentration of 
at least one order of magnitude less than can be 
analyzed by presently available CE processes. In 
accordance with the invention, a sample concentra- 
tion means is provided wherein a solute sample is 
retained by a confined solid or gel packing in a 
tube while the solvent passes through the jacking. 
The particles are confined within a tube such as a 
capillary tube by mechanical means such as tube 
constrictions or porous plugs positioned at both 
ends of the packed concentrating solid particles or 
gel. The concentrating particles or gel have a high- 
er adsorptive capacity and longer useful life as 
compared to a wail coating of adsorptive composi- 
tion. The sample concentration means of this in- 
vention is formed either integrally with a capillary 
tube useful in CE or in a separate tube which can 
be used in conjunction with a capillary tube useful 
in CE. In one embodiment, a constriction is formed 
in the tube, packing material is introduced into the 
tube to the constriction and a second constriction is 
formed in the tub at a second end of th packing 
thereby to confine the packing within the tube. In a 
second embodiment, low temperatur h at fusible 
particles are introduced into the tub and heated to 
form a porous plug. Packing material is then intro- 
duced into the tube to th plug and a second 
porous plug is formed in the same manner at a 
second end of the packing thereby to confine the 



packing witmn ;he lube. 

BRIEF DESCRIPTION OF THE ORAWINGS 



5 Figure 1 is a cross-secnonal view of 3 one 

piece embodiment of this invention. 

Figure 2 is a cross sectional view of an alter- 
native one piece embodiment of this invention. 

Figure 3 is a cross sectional view of a two 
w piece embodiment of this invention. 

Figure 4 is a cross sectional view of an alter- 
native how piece embodiment of this invention. 

Figure 5 is a schematic view of a capillary 
electrophoresis process utilizing this invention. 
/5 Figure 6 is an electrophoretogram of a sample 

obtained by the process of the prior art. 

Figure 7 is an electrophoretogram of the same 
sample of Figure 6 but utilizing the process of this 
invention. 

20 Figure 3 is an electrophoretogram of the sam- 

^ pie processed in Example 2 by the process of the 
invention. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

25 

The sample concentration column of this inven- 
tion can be formed as an integral part of a capillary 
tube used for electrophoresis or from a separate 
tube having an inner diameter larger or smaller 

30 than the capillary tube used for elec'-ophoresis. but 
which can be used in conjunction with the capillary 
tube used in capillary electrophoresis. The term 
"cap ; !lary tube" as used herein means a tube hav- 
ing an inner diameter between about 1 and 500 

35 micrometers. 

The sample concentration tube contains a solid 
particulate or gel packing capable of retaining a 
sample such as by adsorption, absorption or 
chemical interaction and which is capable of subse- 

40 quently releasing the sample when contacted with 
a suitable solvent. 

Representative suitable packing particles in- 
clude silica particles, alumina particles, or zirconia 
particles with hydrophobic surface coatings such as 

45 Cl8 compound. C8 compound, or C4 compound: 
ion exchange materials such as diethyl amino ethyl 
(DEAE). suKo propyl (SP) or quaternary amino 
ethyl (QAE); or affinity coated particles such as 
protein, antibodies, or azo dyes. Alternatively, the 

so packing can comprise a gel packing that can be 
formed in the tube in situ such as poly aery lam id e. 
agarose, cellulose, and polyethylene oxides. 

The sofio particulate or gel packing is held in 
place within the tube by porous plugs or constric- 

55 tions. Representative suitable particulate materials 
which can be used to form a porous plug include 
low melting point glass particles such as 
borosilicate glass particles which can be formed 
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into a fnt by smtenng m situ m the tube or a porous 
ceramic plug which ( S preformed and then inserted 
mto the tube. Additionally, other mechanical means 
wmcn allow liquid Mow therethrough, but whtcn re- 
tains the packing can be utilized as the porous 
plug. 

VJhen forming a sample concentration column 
wherein the packing material is heid in place with 
constrictions in the tubes, the constrictions are 
formed by concentrating thermal energy along a 
short length of the tube in the area where a con- 
striction is desired. The energy is sufficient to 
cause that portion of the tube to How hereby to 
form a smaller inner diameter within the tube. A 
convenient means fcr forming a constriction is to 
rotate the tube within an electric arc formed be- 
tween electrodes so that the energy applied to the 
tuoe is evenly applied about its circumference. 
After one constriction is formed and the tube ts 
ccc!ed to solidify it. tne particulate packing is intro- 
duced into the tube to the constriction. A second 
constriction then is formed in the same manner at 
the opposite end of the packing. In an alternative 
embodiment a portion of the tube is filled with 
particles having a lower melting point than the tube 
and which are capable of forming a porous plug 
when fused. The particles are fused by heating and 
cooled to form the plug. The particles which inter- 
act with the sample are introduced into the tube to 
the porous plug and a second porous plug is 
formed in the same manner at the second end of 
the concentrating particles in a capillary tube. The 
concentrating particles generally have a diameter 
between about 1 urn and 50 um. and the packed 
length is about 0.5 to 10 mm. 

Referring to Fig. 1, a packed concentration 
column 1C is formed integrally with a capillary tube 
12 useful in CE. The column 10 is formed by first 
forming a constriction 14 such that the diameter of 
oconing 16 is between about 1 and 50 um. The 
packing 18 then is introduced into tube 10 as a 
slurry by any suitable means such as drawing the 
slurry in with a vacuum or pumping the slurry in 
with pressure. A second constriction 20 then is 
formed within the tube 10 such as in the manner 
described above such that the diameter of opening 
22 is between about 1 and 50 um. In use. the 
sample to be treated is introduced in a solvent 
through tube entrance 24 as shown by arrow 26 
and the sample solutes are retained in packing 18 
while the solvent passes into capillary tube 12. A 
small volume (1-10 nl) of a second solvent is then 
introduced into entrance 24 to release the solutes 
from the packing and transport them into the capil- 
lary tube 12 where they ar separated by CE in a 
manner more fully described below. The conductiv- 
ity of the second solvent can be lower than the 
conductivity of the carrier electrolyte. This will ef- 



fectively narrow the sample zone m the manner 
previously aescnbea. Optionally, an electrolyte can 
ce introduced into the capillary tube before in- 
troducing the second solvent therein so that the 
s sample solvent is flushea out and electrolyte is 
present in the entire capillary in order to conduct 
capillary electrophoresis. 

Referring to Fig. 2. where like numbers to 
those in Fig. l refer to like elements, low melting 
to particles which can be converted to a porous plug 
by heating are introduced into capillary tube 12 by 
any convenient means such as a tamping wire (not 
shewn) having a diameter equal to or less than that 
of the inner diameter of the capillary tube 12. The 
js low melting particles are heated by exposing the 
tube 12 to a heating source to meit the particles 
but not the tube 12 followed by cooling to form the 
porous plug 28. A packing of concentrating par- 
ticles 18 capable of retaining a solute then is 
20 introduced into tube 12 into contact with porous 
plug 28. The concentrating particles can be conve- 
niently introduced into the tube as a slurry. A 
second porous plug 30 then is formed in the same 
manner as plug 28. The sample concentration 
25 packing 18 then is utilized by introducing a solvent 
containing the sample solute(s) into opening 24 so 
that solvent passes through the plugs 28 and 30 as 
well as packing 18 while sample solute(s) is re- 
tained by packing 18. A small volume (1-10 nl) of a 
30 second solvent which releases the retained sample 
solute(s) then is passed through the plugs 28 and 
30 as well as packing 18 into the interior 32 of 
capillary 12 for analysis by CE. The packing 18 is 
retained between the plugs 28 and 30 during use. 
35 Referring to Fig. 3. a two piece construction is 

shown housed within a sleeve 34 comprising a 
capillary tube 12 and a capillary sample concentra- 
tion tube 36 having essentially the same inner 
diameter as capillary tube 12. The interior of tube 
40 36 contains two porous plugs 28 and 30 as well as 
paniculate packing 28 as is discussed above with 
reference to Fig. 2 and is used in the same man- 
ner. The advantage of the two piece construction is 
that when the utility of U.^ sample concentration 
45 tube 36 ceases, it can be removed from the sleeve 
34 and discarded while the capillary tube 12 is 
retained. Similarly, the capillary tube can .be dis- 
carded separately when its utility ceases. 

An alternative two piece construction is shown 
so in Fig. 4 wherein the sample concentration tube 40 
has a larger inner diameter than the capillary tube 
12 and wherein both tubes 40 and 12 are retained 
within sleeve 34. it is to be understood that the 
outer diameter of tube 40 can be larger than the 
55 outer diameter of tube 12 with sleeve 34 is shaped 
accordingly so that the tubes 12 and 40 contact 
each other and so that fluid flow can be effected 
between tubes 40 and 12. The sample cencentra- 
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;ion tube **o contains porous plugs 28 and 30 as 
well as Geniculate packing 18 and is formed and 
used m the same manner as described above. This 
embodiment has the advantage that a large solute 
sample retaining capacity is obtained for a given 
length of sample concentration tube and that either 
the capillary tube or the sample concentration tube 
can be sefectively discarded in the manner de- 
scribed above. The embodiments of Figs. 3 and 4 
can utilize tube constrictions as shown in Fig. 1 
rather than the porous plugs as shown. Likewise, 
the sample concentration tube 40 can have a 
smaller, rather than larger, inner diameter than the 
capillary tube 12. 

Referring to Fig. 5. a basic system that can be 
used in free zone capillary electrophoresis (CE). 
capillary gel electrophoresis or micellar elec- 
trokmetic capillary chromatography (MECC) is 
shown. In capillary gel electrophoresis, the capillary 
fube is filled with an electrically conductive gel 
rather than liquid electrolyte as in CE. For all of the 
above mechanisms, as shown in Fig. 5. a tube 
arrangement 50. as shown in more detail in Figs. 1- 
4. is positioned between two reservoirs 52 and 54. 
each of which contains an electrolyte 56. In a first 
step, reservoir 52 is replaced with a reservoir con- 
taining sample and a voltage from power supply 58 
is applied between the sample reservoir and reser- 
voir 54. The sample is passed through the forward 
portion 51 of tube 50 which contains the sample 
concentration packing described above. After a vol- 
ume of sample has been passed through the for- 
ward portion 51 of the tube 50 and solutes retained 
within packed portion, reservoir 52 is replaced with 
a reservoir containing a solvent capable of eluting 
the retained sample from the packing. This solvent 
is introduced into the tube 50 by applying j. poten- 
tial, typically between about 5 and 30 Kv. between 
the solvent reservoir and reservoir 54 for brief 
periods of time < 1 - 1 0 sec). Finally, the solvent 
reservoir is replaced with electrolyte reservoir 52. 
and a potential is applied between reservoir 52 and 
reservoir 54 to perform the separation. The eluted 
sample passes through the capillary tube 50. past 
detector 60 and into reservoir 54. The detector can 
be any detector capable of analyzing the sample 
such as a UV absorbance detector, a fluorescence 
detector, a conductivity detector, a mass spectrom- 
eter, an infrared absorbance detector or the like. 

The following examples illustrate the present 
invention and are not intended to limit the same. 

EXAMPLE 1 

This example illustrates processes for making 
the sample concentration columns shown in Figs. 1 
and 2. The capillary types used are fused silica 
capillaries containing a short length (l-5mm) of 



cnrcmatograc-ic packing materia! \r. ir. oiherwtse 
empty capillary (total lengtn between lO-lOO cm). 
This chromaiogcaohic packing material is placed 
close to the mjecnon end of [he capillary. 

5 

Process 1 

A fused silica capillary 75 um inner diameter x 
60 cm was cut from bulk material using a capillary 

jq cleaving tool. One end of the capillary was placed 
in a manipulator which includes elecrodes. with the 
end of the capillary extending about i cm from the 
electrodes. The other end of the capillary was 
attacned to the axis of a motor, and the capillary 

ts was turneo between 10-1000 rpm within the ma- 
nipulator (available from Polymicro Technologies. 
Phoenix. Arizona) to provide for even heat applica- 
tion. The manipulator was fired 1*4 times for about 
10 seconds and a current setting of 25 at each 

20 burst. A neck was formed within the capillary at the 
inner point 14 of capillary as seen in Fig. i. The 
inner diameter at the narrowest point was about 
lOum. The capillary was then removed from the 
motor and manipulator. A vacuum was the applied 

25 to the opposite end of the capillary, and the end 
containing the neck was immersed in a suspension 
of chromatographic particles uBondapak C18 
• (available from the Waters Division of Millipore, 
Milford. MA) with a size distribution of !5-20um. 

jo The beads were suspended in methanol. The 
beads were pulled into the capillary using the force 
of a vacuum, forming a packed bed that started at 
the neck and proceeded to the end of the capillary 
as shown as 18 in Fig. 1. The tube was then 

35 removed from the packing suspension and the 
vacuum was applied until all of the methanol has 
been removed. The capillary was then returned to 
the manipulator and another neck (20) was created 
in the same manner to contain the packing ma- 

jo terial. The final capillary is seen in Fig. 1. The flow 
properties of the capillary were then tested by 
trying to push methanol through the capillary with a 
Hamilton Gas Tight syringe. If the fluid moved 
freely, the capillary was ready for -tse. 

Process 2 

A fused silica capillary 100 um x 60 cm was 
cut from bulk material using a capillary cleaving 

so tool. One end of the capillary was pushed into dry 
glass shot (low melting point borosilicate glass 
beads) with a particle distribution between 1 and 50 
um. This results in a few glass beads entering the 
tip of the capillary. A metal wire or fused silica fiber 

55 with an outer diameter between 75 and 100 um 
was then inserted into the end of the capillary 
using a binocular microscope for visualization. The 
glass beads were pushed into the capillary and 
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ena of the capillary. The capillary *as ;hen placed 
;n tne manipulator so that the cluster of glass 
beaas »s between the electrodes. One burst of 
voltage was then applied for 10 seconds at a 
current senmg of 10 to me capillary. This results in 
partial melting of the glass beads, so that they 
fused together to form a porous frit. (See Fig. 2. 
(28)). The opposite end of the capillary was then 
attached to a vacuum source and the end contain- 
ing the frit is immersed in a suspension of C18 
coated porous silica beads (Delta Pak Ci8 avail- 
able from the Waters (Division of Millipore. Milford. 
MA) with a particle distribution from 15-20 urn. The 
beads were suspended in methanol. This results in 
the formation of a packed bed of beads beginning 
at the frit (28) and extending to the end of the 
capillary. The capillary was .then placed under the 
microscope, and the wire inserted again to pack 
the beads further, leaving a 1-2 mm empty space 
at the end of the capillary. The opposite end of the 
capillary was then attached to a vacuum source, 
and the packed end immersed in a suspension in 
methanol of the same glass shot used before. This 
results in a final filling of the end of the capillary 
with glass shot. Finally, the capillary was again 
placed in the manipulator, with the glass beads at 
the end of the capillary placed between the elec- 
trodes. One burst of voltage was then applied for 
10 seconds at a current setting of 10. This results 
in the formation of a second frit (30) to contain the 
packing material (18) (See Fig. 2). The capillary 
was tested for its flow properties using a Hamilton 
Gas Tight syringe to force methanol through the 
capillary. If fluid moved freely through the capillary, 
then it was ready for use. 

Use 

Samples were loaded into the capillary of Figs. 
1 or 2 using electromigration at 7 kV. Once the 
sample was loaded onto the beads in the capillary, 
they were released for separation with the subse- 
quent injection using electromigration at 3kV of a 
60/40 mixture of acetonitrile/ running buffer. The 
running buffer used was 10 mM NaPO* at pH 7.0. 
All separations were conducted at 7kV. 

Use 1 

As a reference, the peptide neuromedin is seen 
in Fig. 6. This was separated using an unmodified 
fused silica capillary. Th limit of detection at 214 
nm as demonstrated here is about l ug/ml. Smaller 
concentrations are not detectable using this in- 
strumentation. 

The same peptide is separated using the capil- 
lary produced in process 1 and is shown in Fig. 1. 
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The concentration of ;ne sample is aGam i uo mi 
However, it is ctear that the limit of sensitivity has 
oeen dramatically reduced. This represents aoout a 
50 fold increase in sensitivity as seen m Fig. 7. 

5 

Use 2 

The peptide ACTH 1-4 at 100 ng,mi is sepa- 
rated using the capillary shown in Fig. 2 produced 

to by process 2. The limit of detection without precon- 
centration for this peptide is about lug'ml. The 
estimated increase m sensitivity here is about 400 
fold. A mixture of peptides were separated on the 
capillary produced in Process 2. They were ACTH 

is 1-4 at lug/ml + ACTH 1-10 at 50 ng/ml + 
Neuromedin at 5 ng/ml. The separation is seen in 
Fig. 8. This represents about a 400 fold increase in 
sensitivity. 

20 Claims 

1. Apparatus for conducting a capillary separation 
process selected from capillary electrophoresis 
or micellar electrokinetic capillary chromatog- 
25 raphy which comprises 

a first tube section comprising a tube con- 
taining a packing capable of retaining a solute 
sample and subsequently releasing said solute 
sample, said first tube section including means 
jo for retaining said packing within said first tube 

section while permitting fluid flow through said 
first tube section. 

said first tube section having an inlet and 
an outlet, said outlet being in fluid communica- 
35 tion with a capillary tube section, 

a capillary tube section, 
and means for effecting said capillary sep- 
arations process in said capillary tube section. 

ao 2. The apparatus of claim 1 wherein said oacking 
is a particulate packing. 

3. The apparatus of claim l wherein said packing 
is a gel packing. 

J5 

4. The apparatus of claim i wherein said means 
for retaining comprises two constrictions in 
said first tube section and wherein said pack- 
ing is positioned between said constrictions. 

50 

5. The apparatus of claim 1 wherein said means 
for retaining comprises two porous plugs in 
said first tube section and wherein said pack- 
ing is positioned between said porous plugs. 

55 

6. The apparatus of any on of claims 1 . 2.3.4 
or 5 wherein said first tube section and said 
capillary tube section are formed integrally. 
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7. The aooaratus of any one of clams l . 2. 3. + 
or 5 herem said first tube section ana said 
cao'iia.-y tube section are formed separately 
and are retained m conjunction with each other 

by a sleeve surrounding said sections. 5 

8. The process for effecting capillary elec- 
trophoresis in the apparatus of claim 1 which 
comprises introducing a solution comprising a 

first solvent and a solute sample into said first ro 
tube section to effect retention of said solute 
sample by said packing while permitting said 
first solvent to pass through said first tube 
section, passing a second solvent through said 
first tube section to release said solute sample rs 
from said particulate packing and into said 
capillary tube section and analyzing said solute 
sample in said capillary tube section by capil- 
lary electrophoresis. 

20 

9. The process of claim 6 wherein an electrolyte 
is introduced into said capillary tube section 
after said solute sample is introduced into said 
first tube section and prior to introducing said 
second solvent into said first tube section. 25 
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